Background: Whether behavioral approaches for selfmanagement programs benefit individuals with type 1 diabetes mellitus is unclear.
T ype 1 diabetes mellitus (T1DM), one of the most common chronic diseases in childhood and adolescence, is increasing in prevalence in the United States (1) . The landmark DCCT (Diabetes Control and Complications Trial) and its related longitudinal study (EDIC [Epidemiology of Diabetes Interventions and Complications]) found that intensive glycemic control prevents development and progression of micro-and macrovascular complications (2, 3) and death (4) . However, the intervention was initiated early (duration of T1DM <3 years for prevention group) in relatively young (mean age, 27 years), healthy patients. A meta-analysis of 12 trials of intensive control in diverse patient populations confirmed only a reduction in development of microvascular complications. Authors of that analysis stressed that benefits may apply only for interventions initiated early and should be weighed against risks for severe hypoglycemia (5) . Factors other than glycemic control appear necessary to improve outcomes. For instance, intensive lowering of blood pressure has reduced major cardiovascular events by 11% (6) . In addition, findings from 2 large cross-national studies support interventions to address other outcomes of importance for patients, such as diabetes-related distress (7) .
All patients with diabetes are encouraged to adopt and adhere to many self-care behaviors (8, 9) . This is particularly challenging for those with T1DM, who require lifelong insulin therapy and therefore should undertake rigorous self-monitoring and regulation of blood glucose levels through frequent adjustments to insulin dose, diet, and physical activity (10) . Approaches for supporting patients to change several behaviors include diabetes self-management education (DSME) with or without added support (11) and lifestyle programs (12) . Because knowledge acquisition alone is insufficient for behavioral changes (13, 14) , the focus for DSME has shifted from traditional didactic approaches to more patient-centered methods that incorporate interaction, problem-solving, and other behavioral approaches and techniques (11, (15) (16) (17) . Moreover, programs need to be tailored to the needs of the target population, such as developmental milestones in children or unique personal challenges during adolescence or adulthood (18) .
Few systematic reviews on education and training in T1DM have been conducted over the past decade (19 -21) . Most reviews assessed only the effects on glycemic control, included highly didactic interventions, or reviewed interventions conducted outside the health care setting (such as summer camps) (19 -23) . All focused on children and adolescents. When calculated, effect sizes demonstrated very modest improvement at longest follow-up (21, 23 ). An updated evaluation-one that focuses on programs incorporating behavioral approaches and targeting several behaviors-is required to determine whether shifts in practice have translated into better outcomes for patients of all ages with T1DM. Anticipating high diversity in program content and delivery mechanisms, our evaluation also explores effect modification by program factors.
METHODS
With assistance from key informants, a technical expert panel, and public commentary, we developed and followed a standard protocol. A peer-and publicreviewed technical report with additional details is available online on the Agency of Healthcare Research and Quality's (AHRQ's) Effective Healthcare Web site (24).
Data Sources and Searches
Our librarian searched the following bibliographic databases from 1993 to 15 January 2015: Ovid MEDLINE and Ovid MEDLINE In-Process & Other NonIndexed Citations, Cochrane Central Register of Controlled Trials via Cochrane Library, EMBASE via Ovid, CINAHL Plus with Full Text via EBSCOhost, PsycINFO via Ovid, and PubMed (2014 only) via the National Center for Biotechnology Information Databases (MEDLINE strategy is presented in Appendix Table 1 , available at www.annals.org). On 3 June 2015, we updated the search in MEDLINE. We reviewed the reference lists of relevant systematic reviews and all included studies, searched ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry Platform, and searched relevant conference proceedings (2011 through 2014) and the U.S. Federal Register.
Study Selection
We included studies that were conducted in highly developed countries (25) and were published in English after 1993 (reflecting intensification of medical management based on the DCCT) (2). We included prospective comparative studies (that is, randomized, controlled trials [RCTs] ; nonrandomized controlled trials; prospective cohort studies; controlled before-after studies) that enrolled participants of any age and compared a behavioral program with usual care (that is, medical management provided to all participants), an active control (intervention beyond usual care but not meeting our definition of a behavioral program), or another behavioral program. A behavioral program was operationally defined as a multicomponent, diabetesspecific program with repeated interactions by trained individuals, a duration of 4 weeks or longer, and DSME that entailed a behavioral approach or another program format that included at least a structured dietary or physical activity intervention with another component (Appendix Table 2 , available at www.annals.org).
We excluded studies in which the intervention was a disease or care management program (for example, those with active adjustment of diabetes-related medications) (26) or other quality improvement programs targeting health systems or providers (27) . Studies were also excluded if they 1) focused on newly diagnosed (≤1 year) patients, 2) focused on psychological counseling or treatment without explicitly targeting several diabetes self-care behaviors, 3) had no outcomes of interest to this review (for example, reporting on only insulin sensitivity), 4) had study groups that differed only by a factor outside the review's scope (for example, low-vs. high-fat diet), and 5) included a study sample in which ≥25% of participants had type 2 diabetes (unless results were reported for T1DM).
Two reviewers independently screened all titles and abstracts. We retrieved the full text of any publications marked for inclusion by either reviewer. Two reviewers independently assessed the full texts using a priori inclusion criteria and a standard form. We resolved disagreements by consensus or by consulting another team member.
Data Extraction and Quality Assessment
One reviewer extracted data by using a structured form created in the Systematic Review Data Repository (http://srdr.ahrq.gov/) (28); a second reviewer verified all data. Two reviewers independently assessed methodological quality. Discrepancies were resolved through discussion. We used the Cochrane Risk of Bias tool (29) for RCTs and nonrandomized controlled trials and used the Newcastle-Ottawa Scale (30) for prospective cohort studies and controlled before-after studies.
When possible we used (or computed) change from baseline values. If SDs were not given, they were computed from P values, 95% CIs, z statistics, or t statistics or were estimated from upper-bound P values, ranges, interquartile ranges, or (as a last resort) imputation using the largest reported SD from the other studies in the same meta-analysis. When computing SDs for change from baseline values, we assumed a correlation of 0.5; we conducted post hoc sensitivity analyses using correlations of 0.25 and 0.75.
We pooled results for all ages and for subgroups based on age (that is, youth [aged ≤18 years] and their families, young adults [aged 19 to 30 years], adults [aged 31 to 64 years], and older adults (aged ≥65 years]) when there was more than 1 trial in each age category. We used the Hartung-Knapp-Sidik-Jonkman random-effects model (34, 35) using Stata 11.2 (Stata Corp.) and Excel 2010 (Microsoft) software. We calculated weighted mean differences (MDs) or standardized mean differences (SMDs), as appropriate, with corresponding 95% CIs. We analyzed outcomes at the end of intervention to 1-month follow-up (EOI), and at 1 to no more than 6 months (6-month), more than 6 to 12 months (12-month), more than 12 to 24 months (≥12-month), and more than 24 months (≥24-month) after the intervention. If a study included more than 1 follow-up time point in each stratum, we used the longer follow-up. We did not include observational studies in the pooled analyses.
Heterogeneity was considered substantial when the I 2 statistic was greater than 50% (36). In cases of substantial heterogeneity, sensitivity analysis related to outlying effect sizes and incomplete (<70%) outcome data was performed. Publication bias was assessed visually and quantitatively by using the Egger test for comparisons with at least 10 studies (37).
We searched for subgroup analyses reported by individual studies that focused on whether a particular program was more or less effective for reducing HbA 1c on the basis of age, baseline glycemic control (HbA1c <7% vs. ≥7%), duration of diabetes (≤1 vs. >1 year), race/ethnicity, and socioeconomic status. We also compared results between subgroups of studies based on study-level data (for example, mean age). We assessed whether program effectiveness was moderated by program factors (Appendix Table 3 ) by performing univariate meta regressions for comparisons between behavioral programs and usual care at longest follow-up. For harms (activity-related injury), we planned to descriptively summarize results.
We followed guidance by AHRQ (38) to evaluate the strength of evidence (SOE) for key outcomes across all studies using the domains most relevant to RCTs: study limitations (risk of bias for RCTs), consistency, directness, precision, and reporting bias. The overall SOE was graded by one reviewer and reviewed by another, with disagreements resolved through discussion. High, moderate, and low SOE reflect the confidence we have in the effect estimate and the likelihood that the estimate will not change with further research. Insufficient SOE implies that we cannot estimate an effect because of no or very little evidence or substantial discrepancies in the results (for example, when 95% CIs of the estimated effects include clinically important values both for and against behavioral programs).
Role of the Funding Source
Staff of AHRQ participated in development of the scope of the work and reviewed drafts of the manuscript. Approval by AHRQ was required before the manuscript could be submitted for publication, but the authors are solely responsible for its content and the decision to submit for publication. AHRQ staff did not participate in the conduct of the review, data selection or collection, data analysis, interpretation of the data, or preparation of the manuscript.
RESULTS
Our main searches identified 47 857 citations (Figure 1) ; by searching reference lists we identified 11 more studies. We included 36 studies (39 -74) described in 47 publications (75-85), including 31 RCTs, 2 nonrandomized controlled trials (44, 71), and 3 con- Most studies were 2-group trials comparing DSME with usual care. Twenty-seven studies were conducted in youths and 9 in adults (no study focused on young or older adults). One RCT compared the same DSME program delivered in person versus a program that used Internet-based videoconferencing (Skype, Microsoft) (48). Both studies focusing on lifestyle programs compared them with usual care; 1 was a 2-group RCT (65) and the other an observational study (72). Total duration of the behavioral programs ranged from 1.5 to 25 months (median, 5.6 months). Number of contact hours ranged from 1 to 48 hours (median, 9.5 hours). Settings, content, delivery mechanisms and personnel, and degree of program integration within standard medical care varied widely.
Mean age of youth participants ranged from 9.7 to 15.4 years (median, 13.5 years) and mean baseline HbA 1c value ranged from 7.4% to 15.7% (median, 9.6%). In adult trials, mean age of participants ranged from 30 to 49 years and mean HbA 1c value ranged from 7.7% to 9.6%. Mean body mass index ranged from 24.8 to 27.6 kg/m 2 . All trials were assessed as having medium or high risk of bias. For objective outcomes, 60% of trials had medium (unclear) risk of bias and 40% had high risk; risk of bias was largely driven by incomplete outcome data (that is, loss to follow-up). For trials reporting on subjective outcomes of interest to this review (n = 22), all but 1 had high risk of bias (95%), primarily because of lack of blinding of participants, study personnel, and outcome assessors.
Effectiveness of Behavioral Programs: Key Outcomes
Tables 1 and 2 summarize the findings and SOE assessments for our key outcomes in comparisons between behavioral programs and usual care and between behavioral programs and active controls, respectively. These results represent studies from all ages combined and focus on trial data. Funnel plots and statistical tests for HbA 1c compared with usual care did not indicate presence of publication bias.
There was no statistically significant difference in comparisons with usual care or active controls for HbA 1c at EOI or 12-month follow-up (Figure 2 ; Appendix Figures 1 to 3 Three RCTs in youth reported generic health-related quality of life for longer follow-up periods, with no difference between groups at any time point. There was no difference for diabetes distress at EOI or at 6-month follow-up; the SOE was low because of high risk of bias and imprecision. The CIs for diabetes distress included our threshold for clinical importance (SMD ≥0.5) such that we cannot rule out a favorable effect.
There was insufficient SOE for other key outcomes that we graded for SOE (that is, changes in body composition, changes to dietary intake or physical activity, diabetes-specific quality of life). No studies reported on diabetes-related complications, all-cause mortality, or associated harms (activity-related injury).
Effectiveness on Secondary Outcomes
Appendix Table 7 (available at www.annals.org) summarizes results for other clinical (hypoglycemic or hyperglycemic episodes, serum lipids, blood pressure) and health care utilization (hospital admissions and emergency department visits) outcomes, most of which were reported in single trials.
Effectiveness on Glycemic Control in Population Subgroups
On the basis of between-study results for comparisons with usual care based on age, adults appeared to benefit more than youths at EOI (MD, Ϫ0. The effectiveness of behavioral programs compared with active controls appeared higher for youth (MD, Ϫ0.52 [CI, Ϫ1.04 to 0.00] percentage points) than for adults (MD, Ϫ0.14 [CI, Ϫ1.28 to 1.00] percentage points) at 12-month follow-up (Appendix Figure 3) ; the effectiveness for youths was clinically important. The small number and size of studies in comparisons with active controls limited the ability to draw conclusions.
One RCT (n = 101) conducted a subgroup analysis of 54 youths with suboptimal baseline glycemic control (HbA 1c ≥8%) (54). At EOI, it found greater odds of maintaining or improving HbA 1c with behavioral programs compared with usual care (odds ratio, 3.4 [CI, 1.0 to 11.9]). This compares favorably to the overall study results of no difference (MD, 0.30 [CI, Ϫ0.22 to 0.82]). We did not conduct subgroup analysis at the study level because the mean baseline HbA 1c was greater than 7% for all studies-our a priori cutoff for glycemic control. No trials reported on HbA 1c by race or ethnicity, socioeconomic status, or time since diagnosis.
Moderation of Effectiveness Program Components and Delivery Mechanisms
Univariate meta regressions were conducted with 27 studies (40 -48, 50, 51, 54 -64, 66, 67, 69, 72, 73). Variables of duration, contact hours, and contact frequency seem not to influence program effectiveness; coefficients were essentially 0 (for example, an additional month of program duration would not reduce HbA 1c to any greater extent) and CIs were very precise without any indication of potentially producing a clinically important effect considering our threshold of 0.4% (Appendix Table 8 , available at www.annals.org). Incorporating some delivery to individuals seems to be beneficial compared with sole delivery in a group format (that is, positive coefficient indicating switching to group delivery increased HbA 1c ); the result approached statistical significance and the CI included a value meeting our threshold for clinical importance. Evidence was insufficient for other program factors; lack of reporting for community engagement precluded any interpretation of the results.
DISCUSSION
Overall, behavioral programs seem to have some benefit for reducing HbA 1c when follow-up extends beyond the immediate postintervention period. The delay in benefit may in part reflect the time required for this marker of glycemic control, which indicates control during the past 2 to 3 months, to demonstrate change. Notable, however, is the large diversity in program durations (range, 1.5 to 25 months). The beneficial findings for HbA 1c are tempered by the apparent finding of no difference at longer follow-up time points, although we could not confidently rule out any benefit at longterm follow-up.
Our findings may underestimate the effect of programs should they be implemented in routine practice. The usual care group in several studies received some form of attention from the investigators (such as periodic telephone calls to maintain contact and encourage study participation); this may have resulted in improved glycemic control for the comparator group and reduced the relative effects of the behavioral program. Similarly, differences in usual care between studies may have played a role, such that a similar intervention may differ in its relative effect between low-and highefficacy usual care conditions. Although variations in standard care in studies of behavioral interventions for youths (aged 8 to 21 years) with T1DM did not significantly affect results (86), better reporting of what constitutes usual care would allow readers, and systematic reviewers, to better apply the studies to their target populations or account for differences between studies. Underestimation, particularly for the outcome of glycemic control, may stem in part from lack of blinding of participants, and their health care providers, and the potential for co-intervention; adjustments of insulin may have been performed to a greater extent in the comparison groups than in the intervention groups.
Many studies were directed at adolescents. Selfmanagement of T1DM during adolescence is complex, often characterized by personal challenges and uncertainty in schedules and frequent changes in location due to education and employment, transitions to adult care, and diminished parental involvement; consequently, glycemic control often deteriorates during childhood and adolescence (87-90). Accordingly, many studies aimed to prevent deterioration of glycemic control rather than improve control. The large reductions in HbA 1c for some individuals in several studies (lower boundary of CI well past our threshold for clinical significance) may be considered quite promising. Likewise, practicing more demanding self-management behaviors could negatively affect social and emotional functioning, such that our findings of no difference in generic health-related quality of life at EOI may be viewed positively.
Most studies were undertaken in populations with a baseline HbA 1c value of 8.5% or greater. Although this level of glycemic control could affect the applicability of the findings, many clinicians deal with patient populations-particularly when patients are in their pubertal years-that are struggling to achieve optimal control. The results are most applicable to older children, adolescents, and adults through middle age. Mean duration of diabetes ranged from 2.7 to 7.3 years (studies in youths) and 7.5 to 23 years (studies in adults); results may not apply to individuals with recently diagnosed T1DM. We did not find evidence to determine whether behavioral programs are more or less efficacious for other subgroups, including sex or racial/ethnic minorities. The findings are highly relevant to the United States, where there is an increasing trend to incorporate psychological techniques and theories within educational programs; they may not apply as well to countries where this integration does not commonly occur. We did not identify enough studies of lifestyle programs, or of DSME programs adding a support component, to draw conclusions about difference in benefit in terms of these factors. Many individuals with T1DM under good glycemic control may have other risk factors (such as overweight, hyperlipidemia, and hypertension) for which lifestyle programs may be warranted and beneficial. With our focus on programs incorporating interaction with program personnel, we cannot comment on the effects of programs delivered entirely by way of technology, which may provide sophisticated mechanisms to interact with and motivate participants. Further research in these areas would be informative. We also cannot comment on the effectiveness of programs with durations less than 4 weeks that had similar content, contact hours, and delivery mechanisms.
Some potential limitations are inherent in systematic reviews, such as those related to selection and reporting biases. We were able to locate several trial registries and protocols to compare planned and published outcome reporting; most included studies were judged as having low bias in this respect. Our prespeci- fied tests for publication bias indicated no important bias, although these tests were limited to the outcome of HbA 1c in comparisons with usual care. We included only English-language studies because we felt that these would be most applicable to the end-users of this review who create recommendations or implement programs within the United States. Moreover, effect sizes in language-restricted reviews do not differ significantly from those without restrictions (91).
The evidence base was limited in terms of allowing us to make conclusions for many outcomes, such as behavioral outcomes related to changes in dietary intake or physical activity, and for clinical and health outcomes apart from HbA 1c and generic health-related quality of life. Considering that behavioral changes are key mediators to achieving clinical and health outcomes, analysis based on valid outcomes of changes to physical activity or diet would be ideal; greater use of these outcomes, especially via objective means, would be beneficial for future research. No studies contributed data related to harms. Most data for examination of subgroup effects relied on between-study rather than within-study comparisons, such that the effect of randomization is removed and the results are considered observational and possibly biased through confounding by other study-level characteristics. Many trials had high risk of bias, especially for subjective outcomes. Blinding of participants and personnel, or outcome assessors, was rarely reported or sufficient. Lack of intention-to-treat analysis and high participant attrition were prevalent.
In conclusion, current evidence does not support encouraging patients with T1DM to participate in behavioral programs to improve outcomes apart from HbA 1c . Program evaluation is an important component to build into the implementation of any behavioral program for diabetes to ensure that it is the correct fit for the target population. At this time, clinicians still must monitor patients after participating in these programs, should additional means be necessary to control their disease more adequately to prevent devastating complications.
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